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Description 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

This invention relates to a method and apparatus 
for positioning and, more particularly, to a method and 
GPS (Global Positioning System) receiver for position- 
ing on the Globe by making use of satellite signals trans- 
mitted from a plurality of artificial satellites. 

2. Description of the Prior Art 

One of the positioning systems currently in service 
utilizing artificial satellites is known as a so-called Global 
Positioning System (GPS). In accordance with this po- 
sitioning system, the entire surface of the Earth is cov- 
ered by a total of 24 GPS satellites when all of them are 
launched in six orbits at approximately 20,200 km above 
the Earth with four GPS satellites per each. Each GPS 
satellite transmits a satellite signal containing naviga- 
tional data through a spread-spectrum transmission 
system. Positioning may be performed on the ground, 
on the sea or in the air by receiving satellite signals from 
a plurality of GPS satellites, for example, by receiving 
the satellite signals from three GPS satellites for two- 
dimensional positioning and that from four GPS satel- 
lites for three-dimensional positioning. Basing on the 
navigational data contained in the satellite signal from 
each GPS satellite, positional information of the receiv- 
ing point such as a latitude, longitude and altitude can 
be reckoned in real time. 

This Global Positioning System was originally de- 
veloped for U.S. military use, however, a part of the sat- 
ellite or GPS signal (C/Acode) has been made available 
for civil use. Therefore, it becomes possible to provide 
a navigation system for use in motor vehicles, water ves- 
sels and aircraft by making use of the satellite signals. 

Since the satellite signals are transmitted by the 
spread-spectrum transmission system, the reception of 
the satellite signal must be initiated by locking a phased- 
locked loop (PLL) circuit of the GPS receiver exactly on 
a receiving frequency of the satellite signal. Upon suc- 
cessful locking of the PLL circuit, the received spread- 
spectrum signal is despread and demodulated to re- 
ceive navigation data. 

One of the typical motor vehicle-mounted naviga- 
tion apparatus of the prior art for use in the GPS system 
is a single-channel type GPS receiver having a single 
antenna, single RF receiving unit and single signal 
processing unit. Accordingly, it has been necessary to 
receive satellite signals from the minimum number of 
GPS satellites in a sequential manner through the single 
receiving channel for positioning. 

Another type of known motor vehicle-mounted GPS 
receiver, see for example Proceedings of IEEE, Vol 77, 
No. 11, November 1989, New York, US ; SCHUCHMAN 



ET AL: "Applicability of an Augmented GPS for Naviga- 
tion in the National Airspace system", pages 1709-1727 
is a multi-channel GPS receiver having a plurality of re- 
ceiving channels each of which is assigned for receiving 
s a satellite signal from an allotted GPS satellite. 

In the prior art system, in case of receiving satellite 
signals transmitted by a plurality of GPS satellites with 
a single antenna, obstructions such as a building and 
the like have prevented the GPS receiver from receiving 
10 the satellite signals transmitted by the predetermined 
minimum number of GPS satellites which are needed 
for positioning. This problem is particularly encountered 
with the motor vehicle-mounted GPS receiver which 
moves together with the motor vehicle. 
'5 As described, in the typical multi-channel type mo- 
tor vehicle-mounted GPS receiver of the prior art, the 
required number of GPS satellites for positioning has 
been shared with multiple receiving channels for receiv- 
ing satellite signals transmitted therefrom. However, 
20 one of disadvantages of this prior art system is that, if 
any of the GPS satellites, a satellite signal from which 
has been received by one of the receiving channels of 
the GPS receiver, is obstructed by a building or other 
obstacles, it will become impossible to receive the re- 
2S quired satellite signals from the minimum number of 
GPS satellites for positioning. This results in an inter- 
ruption of the positioning by the GPS receiver. 

It is therefore an object of the present invention to 
provide a GPS receiver which is capable of maintaining 
30 as good receiving condition as possible even if any GPS 
satellite in use is obstructed by an obstacle in the midst 
of positioning 

It is another object of the present invention to pro- 
vide a positioning method for use with a motor vehicle- 
3S mounted GPS receiver, wherein the GPS receiver is 
maintained at high degree of accuracy of positioning 
even if any GPS satellite in use is obstructed by an ob- 
stacle and resulting in no reception of satellite signal 
therefrom in the midst of positioning. 

40 

SUMMARY OF THE INVENTION 

In order to achieve the foregoing and other objects 
of the present invention, as a first embodiment of the 
45 invention, there is provided, as set out in the appended 
claim 1, a single-channel type GPS receiver having a 
plurality of antennas, an antenna switching device for 
selecting any of the plurality of antennas, and a control- 
ler for controlling the antenna switching device to select 
so any of the plurality of antennas which receives satellite 
signals from the maximum number of GPS satellites. 

In accordance with the first embodiment of the 
present invention, it is possible to select the best anten- 
na for receiving satellite signals from among the plurality 
55 of antennas and to utilize the selected antenna for po- 
sitioning. Thus the satellite signals from the maximum 
number of GPS satellites can be received in any case 
even if any of the GPS satellites is obstructed by a build- 
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ing or the like to maintain the positioning operation by 
making use of the rest of GPS satellites in contact. 

In accordance with a second embodiment of the 
present invention, there is provided, as set out in the 
appended claim 5, a single channel type GPS receiver 
having a plurality of antennas, an antenna switching de- 
vice for selecting any of the plurality of antennas, and a 
control device for selecting a predetermined number of 
GPS satellites being suited for positioning from among 
all of GPS satellites in contact with respective antennas 
when each of the antennas fails to receive satellite sig- 
nals transmitted by the predetermined minimum number 
of GPS satellites, and further controlling the antenna 
switching device for sequentially selecting the antennas 
which correspond to the selected GPS satellites. 

Further, according to the second embodiment of the 
invention, if the total number of GPS satellites in contact 
with the all antennas becomes less than the predeter- 
mined minimum number of GPS satellites, the minimum 
number of GPS satellites required for positioning are se- 
lected from among all of GPS satellites the satellite sig- 
nals of which are received by respective antennas. 
Therefore, even if the positioning becomes impossible 
with the satellite signals received by each individual an- 
tenna, it is possible to carried out the positioning by uti- 
lizing the GPS satellites in contact with the all antennas. 
The required number of GPS satellites may be deter- 
mined in such a manner as by selecting a combination 
of the GPS satellites having the smallest PDOP (Posi- 
tion Dilution of Precision) value or by selecting the GPS 
satellites in order of signal strength of the received sat- 
ellite signals. 

In accordance with a third embodiment of the 
present invention, there is provided, as set out in the 
appended claim 11 , a positioning method for use with a 
multi-channel type motor vehicle-mounted GPS receiv- 
er having a plurality of receiving channels each of which 
includes an antenna, an RF receiving unit and a signal 
processing unit independently. According to this posi- 
tioning method, each receiving channel independently 
receives satellite signals transmitted from the GPS sat- 
ellites in contact, a predetermined number of GPS sat- 
ellites which are currently considered to be the most 
suitable for positioning are selected from among all of 
GPS satellites whose signals are being received by 
each receiving channel, and the positioning is per- 
formed by making use of navigation data obtained from 
the selected GPS satellites. 

That is, according to the third embodiment of the 
invention, since the predetermined number of satellites 
which are currently considered to be the most suitable 
for positioning are selected from among all of GPS sat- 
ellites whose transmitted signals are received by all re- 
ceiving channels and navigation data contained in the 
transmitted signals are used to carry out the positioning 
operation, even if any GPS satellite is obstructed by a 
building or other obstacles in the midst of positioning, a 
GPS satellite other than the selected ones may be sub- 
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stituted for the obstructed GPS satellite, and then the 
positioning can be carried out by making use of naviga- 
tion data of the newly selected GPS satellite without any 
intermission. The selection of the GPS satellites which 
s are considered to be the most suitable for positioning at 
a given point of time may be performed in view of the 
PDOP value. That is, the selection may easily be done 
by only selecting a combination of the GPS satellites 
which has the smallest PDOP value. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a motor vehicle- 
mounted GPS receiver embodying the present in- 
is vention; 

Fig. 2 is a diagram showing antennas to be used in 
the embodiment of Fig. 1; 

Fig. 3 is a flowchart showing operational steps per- 
formed by the embodiment of Fig. 1 ; 
20 Fig 4 is a flowchart showing operational steps per- 
formed by another embodiment of this invention; 
Fig. 5 is a block diagram showing another motor ve- 
hicle-mounted GPS receiver embodying the 
present invention; and 
2£ Fig. 6 is a diagram showing GPS satellites whose 
signals are received by respective channels of the 
GPS receiver of Fig. 5. 

DESCRIPTION OF THE PREFERRED 

30 EMBODIMENTS 

Preferred embodiments of the present invention will 
now be described with reference to the accompanying 
drawings. 

35 Fig. 1 is a block diagram showing a first embodi- 
ment of this invention taking the form of a motor vehicle- 
mounted GPS receiver. In Fig. 1, elements 1Aand 1B 
denote two antennas mounted independently of each 
other, a block 2 denotes an antenna switching unit for 
40 selecting any of the two antennas as needed, a block 3 
denotes an RF receiving unit for receiving satellite sig- 
nals sequentially from target GPS satellites by de- 
spreading the received satellite signals, a block 4 de- 
notes a signal processing unit for reckoning the current 
45 position based on the navigation data contained in the 
received satellite signals of the GPS satellites, and a 
block 5 denotes a control unit for controlling the above 
components. As shown in Fig. 2, the two antennas 1A 
and 1B should preferably be mounted apart from each 
so other to the full extent as possible, for example, at the 
front side and the rare side of the motor vehicle. 

The first embodiment of the invention will now be 
described with reference to a flowchart of Fig. 3. Upon 
initiation of the apparatus, the GPS receiver performs a 
55 first step S31 of receiving a satellite signal transmitted 
by the GPS satellite in contact At steps S32 and S33, 
the controller 5 controls the antenna switching unit 2 to 
alternately select the antennas 1 A and 1 B, sends satel- 
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lite signals received by respective antennas to the RF 
receiving unit 3 and signal processing unit 4 and then 
decides a number of GPS satellites for each of the an- 
tennas 1A and 1B. At step S34, The controller 5 com- 
pares the number of GPS satellites in contact with the 
antennas 1 A and 1 B for deciding which antenna excels 
in number of contacts with the GPS satellites. 

If the antenna 1 A is decided at step S35 to be great- 
er in the number of contacted GPS satellites than that 
of the antenna 1 B, the controller 5 switches the antenna 
switching unit 2 to select the antenna 1 A in order to re- 
ceive the satellite signals through the antenna 1A. 
While, if the antenna 1B is found to be greater in the 
number of contacted GPS satellites, the controller 5 
switches the antenna switching unit 2 to select the an- 
tenna 1 B in order to receive the satellite signals through 
the antenna 1 B at step S36. 

The controller 5 repeats the aforesaid operational 
steps at predetermined intervals. Consequently, either 
of the antennas 1 A and 1 B which can receive satellite 
signals from greater number of GPS satellites is used 
for receiving the transmissions from the GPS satellites. 
If any of the GPS satellites in contact is obstructed by 
an obstacle such as a building, it is still possible to con- 
tinue the positioning by utilizing the rest of GPS satellites 
which are still in contact. 

Fig. 4 is a flowchart showing operational steps to be 
performed by a second embodiment of the invention. 
The second embodiment of this invention has the same 
construction as that of the first embodiment. In accord- 
ance with the second embodiment of this invention, the 
minimum number of GPS salelliles which is considered 
to be a threshold value for positioning, for example, five 
GPS satellites, are assigned preliminarily for each of the 
two antennas 1A and 1B and are utilized in decision 
steps following the step S44 in the flowchart of Fig. 4. 

Upon initiation of the GPS receiver, the GPS receiv- 
er perform a first step S41 of receiving satellite signals 
from GPS satellites in contact. At steps S42 and S43, 
the control unit 5 controls the antenna switching unit 2 
for finding the number of GPS satellites that can be read- 
able with respective antennas by selecting the antennas 
1A and 1B alternately and supplying received satellite 
signals to the RF receiving unit 3 and signal processing 
unit 4. The control unit 5 determines at step S44 whether 
or not the number of GPS satellites in contact with each 
of the antennas 1A and 1B exceeds the minimum 
number of GPS satellites preliminarily determined 
therefor. 

If the number of GPS satellites in contact exceeds 
the predetermined minimum number of GPS satellites 
either with the antenna 1 A or antenna 1 B, the program 
goes to step S45 for deciding which antenna has greater 
number of GPS satellites in contact than the other. The 
reception of satellite signals is then performed either at 
step S46 or S47 by utilizing the antenna having the 
greater number of GPS satellites in contact. 

If it is found at step S44 that the number of GPS 
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satellites in contact with the both antennas 1A and 1B 
does not exceed the predetermined minimum number 
of GPS satellites, the program then goes to step S48 
and it is determined whether or not the both antennas 

5 1A and 1B are less than the predetermined minimum 
number of GPS satellites in contact. If it has not, the 
program goes to step S49 for determining which anten- 
na is less than the predetermined minimum number of 
GPS satellites in contact The reception of satellite sig- 

10 nals is then performed either at step S50 or S51 by uti- 
lizing the antenna which is not less than the predeter- 
mined minimum number of GPS satellites in contact. 
However, if it has, the program goes to S52 and the min- 
imum required number of GPS satellites for positioning 

is at that point of time are selected from among all of GPS 
satellites in contact with the both antennas 1A and 1B. 

As described, one of the typical selecting conditions 
for GPS satellites at step S52 is to select a combination 
of the required number of GPS satellites having the 

20 smallest PDOP value and that another condition is to 
select the required number of GPS satellites in order of 
signal strength of the received satellite signals. 

Upon selecting the required number of satellites at 
step S52, the controller 5 adaptively controls the anten- 

2S na switching unit 2 for sequentially receiving satellite 
signals from the selected plurality of GPS satellites by 
utilizing the both antennas 1 A and 1 B. 

The controller 5 repeats the above described oper- 
ational steps at predetermined intervals. Consequently, 

30 if both of the two antennas 1 A and 1 B become a state 
of being in contact wilh less than the predetermined min- 
imum number of GPS satellites, the required minimum 
number of GPS satellites suited for positioning are se- 
lected from among all of GPS satellites in contact with 

3S the both antennas 1A and 1B. Accordingly, if any GPS 
satellite whose transmissions are being received is ob- 
structed by a building orthe like, it is possible to perform 
the positioning by making use of another GPS satellite 
in contact without interrupting the positioning operation. 

40 Two antennas are employed in the foregoing pre- 
ferred embodiments of the invention, however, it is ap- 
parent for those skilled in the art that more than two an- 
tennas may be employed to receive transmissions from 
the GPS satellites. Further, the minimum number of 

45 GPS satellites to be used at the decision steps in the 
second embodiment may be determined independently 
for each of the antennas in use or may be determined 
to be the same for all antennas. It depends on a system 
specification to be employed for positioning whichever 

so the minimum number of GPS satellites is determined for 
all antenna. 

Still another embodiment of the present invention 
will now be described with reference to Figs. 5 and 6. 
Fig. 5 is a block diagram of a motor vehicle-mounted 
55 GPS receiver embodying the present invention. Accord- 
ing to this preferred embodiment, a GPS receiver having 
three receiving channels is employed for positioning and 
thereby first, second and third channels are denoted re- 
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spectively by #1 ch, #2 ch and #3 ch, and that their cor- 
responding components are designated by reference 
numerals suffixed by A, B and C, respectively, like an 
antenna 1 A for the antenna which belongs to the receiv- 
ing channel #1 ch. 

In Fig. 5, three antennas 1A, 1Band 1C are mount- 
ed independently of one another, RF receiving units 2A, 
2B and 2C receive satellite signals by despreading the 
satellite signals from GPS satellites received through re- 
spective antennas, signal processing units 3A, 3B and 
3C decode the satellite signals received by the RF re- 
ceiving units 2A, 2B and 2C into original digital data, and 
a control unit 4 selects a predetermined number, such 
as four, of GPS satellites considered to be the most suit- 
able for positioning at that point of time and calculates 
the current position by utilizing the navigation data con- 
tained in the satellite signals form the selected GPS sat- 
ellites. The three antennas 1 A, 1 B and 1C should pref- 
erably be mounted at separated positions such as inside 
of the windshield, inside of the rear window or other ap- 
propriate positions. 

Upon initiation of the reception of satellite signals, 
the GPS satellite transmissions received by the antenna 
1A, "IB and 1 C are despreaded at the RF receiving units 
2A, 2B and 2C, respectively, for receiving satellite sig- 
nals transmitted as many GPS satellites as possible by 
each of the receiving channels. The received satellite 
signals are then fed to the control unit 4 after decoding 
them into the original digital data by the signal process- 
ing units 3A, 3B and 3C. 

It is assumed that the receiving channels are all in 
the receiving status as shown in Fig. 6(A), Fig. 6(B) and 
Fig. 6(C), that is, if satellite signals from the three GPS 
satellites S1, S3 and S4 are received by the receiving 
channel #1 ch, satellite signals from the three satellites 
S2, S3 and S7 are received by the receiving channel #2 
ch, and satellite signals from the two satellites S5 and 
S6 are received by the receiving channel #3 ch, the sig- 
nal processing units 3A, 3B and 3C decode each of the 
satellite signals received by the respective receiving 
channels and in turn the decoded signals are fed to the 
control unit 4. 

The control unit 4 selects a combination of the GPS 
satellites that has the minimum PDOP value, for exam- 
ple, the GPS satellites S1, S2, S3 and S6 identified by 
open circle ( O ) in Fig. 6, by utilizing the navigation data 
received from the GPS satellites S1 - S7 being fed by 
the signal processing units 3A, 3B and 3C, and thereby 
the present position of the vehicle which carries the G PS 
receiver is computed by the control unit 4 by making use 
of the navigation data of these selected GPS satellites. 
This allows the GPS receiver to perform the positioning 
operation with high degree of accuracy at that point of 
time. In the example of Fig. 6, regarding the GPS satel- 
lite S3, satellite signals from which are received by the 
two receiving channels #1 ch and #2 ch. In this case, it 
is preferable to perform the positioning by utilizing the 
receiving channel whichever the received signal 



strength is stronger. 

The positioning data thus obtained is transmitted to 
a navigation apparatus (not shown) for displaying, as 
positional information, on a cathode-ray tube (CRT) or 

s the like on which a map is displayed. 

Further, If the GPS satellite S2 is obstructed by a 
building or other obstacles in the midst of above-de- 
scribed positioning operation and becomes no reception 
of satellite signal therefrom, the control unit 4 eliminates 

10 the obstructed satellite S2 and immediately recalculates 
the PDOP values using the remaining six GPS satellites 
in contact for selecting another combination of four GPS 
satellites that has the minimum PDOP value at that point 
of time, and then the positioning is continued by utilizing 

is the navigation data of the newly selected four GPS sat- 
ellites. Accordingly, even if several GPS satellites are 
obstructed by a building or the like for causing no recep- 
tion of satellite signals, it is possible to perform the po- 
sitioning without interruption by selecting the best com- 

20 bination of the GPS satellites available for high degree 
of accuracy of positioning from among the rest of GPS 
satellites in contact. 

The third preferred embodiment has been de- 
scribed with reference to a three-channel type GPS re- 

2£ ceiver, however, the positioning method according to 
this invention is not to be considered to be limited there- 
to, the invention may also be applied for use with other 
type of GPS receivers having two or more receiving 
channels. 

30 As it has been described above, according to the 
first aspect of the invention, a single antenna of the best 
in the number of contact with GPS satellites is selected 
from a plurality of antennas in order to receive satellite 
signals, while, according to the second and third aspects 
35 of the invention, the required minimum number of GPS 
satellites considered to be the best of combination in 
view of PDOP value for positioning are selected from 
among all of GPS satellites being in contact with each 
antenna or all antennas. This invention allows the unin- 
40 terrupted positioning operation for the GPS receiver to 
perform by substituting the rest of GPS satellites in con- 
tact for the obstructed GPS satellite even if some satel- 
lite is obstructed by a building or other obstacles for 
causing no reception of satellite signals. This invention 
45 is particularly effective when implemented in a motor ve- 
hicle-mounted GPS receiver for giving high degree of 
accuracy of positioning regardless of the change of sta- 
tus of satellite signal reception. 

While the invention has been described with refer- 
so ence to preferred embodiments, it will be understood by 
those skilled in the art that various changes may be 
made and equivalents may be substituted for elements 
thereof without departing from the scope of the inven- 
tion. 

55 
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Claims 

1. A single receiving channel GPS receiver compris- 
ing: 

a plurality of antennas (1A, 1B); antenna switching 
means (2) for selecting any of said plurality of an- 
tennas (1A, 1B) by switching; and control means 
(5), characterized in that the control means (5) is 
adapted to control said antenna switching means 
(2) at predetermined time intervals to sequentially 
select each antenna of said plurality of antennas 
(1A, 1 B) for finding the number of GPS -satellites in 
contact with each antenna and subsequently within 
said predetermined time interval to control said an- 
tenna switching means (2) to select that antenna 
among said plurality of antennas (1 A, 1 B) which has 
the maximum number of GPS-satellites in contact. 

2. Receiver according to claim 1 , 
characterized in that said said plurality of anten- 
nas (1 A, 1 B) are two antennas mounted at the front 
end (1 A) and the rear end (1 B) of a motor vehicle. 

3. Receiver according to claim 1 , 
characterized in that said control means (5) com- 
pares numbers of satellites in contact with said plu- 
rality of antennas (1 A, 1 B). 

4. Receiver according to claim 1 , 
characterized by a RF signal receiving means (3) 
for receiving navigation data sequentially from the 
GPS satellites by despreading received satellite 
signals; and processing means (4) for reckoning a 
current position by making use of the navigation da- 
ta. 

5. A single receiving channel GPS receiver compris- 
ing: 

a plurality of antennas (1 A, 1 B); antenna switching 
means (2) for selecting any of said plurality of an- 
tennas by switching; and control means (5), char- 
acterized in that the control means (5) is adapted to 
control said antenna switching means at predeter- 
mined time intervals to sequentially select each an- 
tenna of said plurality of antennas (1 A, 1 B) for find- 
ing the number of GPS-satellites in contact with 
each antenna and, when each of said plurality of 
antennas (1A, 1B) fails to receive satellite signals 
from a predetermined minimum number of GPS- 
satellites, to select a required number of GPS-sat- 
ellites considered to be the most suitable for posi- 
tioning from among all of GPS satellites in contact 
with said plurality of antennas (1 A, 1 B) and subse- 
quently within said predetermined time intervals to 
control said antenna switching means (2) to select 
the satellites so selected in a sequential manner. 

6. Receiver according to claim 5, 
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characterized by a RF signal receiving means (3) 
for receiving navigation data sequentially from the 
GPS satellites by despreading received satellite 
signals; and by a processing means (4) for reckon- 
s ing a current position by making use of the naviga- 
tion data. 

7. Receiver according to claim 5, 
characterized in that said required number of GPS 

10 satellites is determined by selecting a combination 
of GPS satellites in contact having the smallest 
PDOP value. 

8. Receiver according to claim 5, 

is characterized in that said required number of GPS 
satellites is selected in order of signal strength of 
the received satellite signals. 

9. Receiver according to claim 5, 

20 characterized in that said predetermined mini- 
mum number of GPS satellites is determined inde- 
pendently for each of the plurality of antennas (1 A, 
1B). 

2S 10. Receiver according to claim 5, 

characterized in that said predetermined mini- 
mum number of GPS satellites is determined to be 
the same for each of the plurality of antennas (1 A, 
1B). 

30 

11. A positioning method for use with a vehicle-mount- 
ed GPS receiver having a plurality of receiving 
channels (#1ch, #2ch,#3ch) each of which includes 
an antenna (1A, 1B, 1C), an RF receiving unit (2A, 

3S 2B, 2C) and a signal processing unit (3A, 3B, 3C), 
characterized by the steps of: receiving, independ- 
ently through each of said receiving channels 
(#1ch, #2ch, #3ch), satellite signals from as many 
GPS-satellites as possible; selecting a predeter- 
40 mined number of GPS satellites considered to be 
the most suitable for positioning at the current point 
of time from among all of GPS satellites in contact 
with respective receiving channels (#1ch, #2ch, 
#3ch), and performing the positioning by making 
45 use of navigation data obtained from said selected 
GPS satellites. 

12. A Method according to claim 11, 
characterized in that said step of selecting selects 

so a predetermined number of GPS satellites consid- 
ered to be the best of combinations in view of PDOP 
value for positioning. 

13. A method according to claim 12, 

55 characterized in that said step of selecting is per- 
formed when any of the selected GPS satellites is 
obstructed by an obstacle. 



EP 0 455 943 B1 



30 



35 



6 



11 



EP 0 455 943 B1 



12 



Patentanspriiche 

1. GPS-Empfanger mit einem einzigen Empfangska- 
nal, umfassend: eine Mehrzahl von Antennen (1A, 
IB); eine Antennenumschalteinrichtung (2) zum 
Auswahlen einer der Mehrzahl von Antennen (1A, 
1 B) durch Umschalten, und eine Steuereinrichtung 
(5), dadurch gekennzeichnet, daB die Steuerein- 
richtung (5) dazu ausgelegt ist, die Antennenum- 
schalteinrichtung (2) zu vorbestimmten Zeitinterval- 
len umzuschalten, um jede Antenne der Mehrzahl 
von Antennen (1A, 1B) sequentiell zum Auffinden 
der Anzahl von GPS-Satelliten auszuwahlen, die 
sich in Kontakt mit jeder Antenne befinden, und um 
daraufhin innerhalb des vorbestimmten Zeitinter- 
valls die Antennenumschalteinrichtung (2) so zu 
steuern, daB diejenige Antenne unter der Mehrzahl 
von Antennen (1 A, 1 B) ausgewahlt wird, die die Ma- 
ximalanzahl an kontaktierten GPS-Satelliten auf- 
weist. 

2. Empfanger nach Anspruch 1, dadurch gekenn- 
zeichnet daB die Mehrzahl von Antennen (1A, 1B) 
zwei Antennen sind, die am vorderen Ende (1 A) und 
am ruckwartigen Ende (1B) eines Motorfahrzeugs 
angcbracht sind. 

3. Empfanger nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Steuereinrichtung (5) die Anzah- 
len von sich in Kontakt mit der Mehrzahl von Anten- 
nen (1A, 1B) befindlichen Satelliten vergleicht. 

4. Empfanger nach Anspruch 1, gekennzeichnet 
durch eine RF-Signalempfangseinrichtung (3) zum 
Empfangen von Navigationsdaten sequentiell von 
den GPS-Satelliten durch Entfalten empfangener 
Satellitensignale, und eine Verarbeitungseinrich- 
tung (4) zum Errechnen eineraktuellen Position un- 
ter Verwendung der Navigationsdaten. 

5. GPS-Empfanger mit einem einzigen Empfangska- 
nal, umfassend: eine Mehrzahl von Antennen (1A, 
1B); eine Antennenumschalteinrichtung (2) zum 
Auswahlen einer der Mehrzahl von Antennen durch 
Umschalten, und eine Steuereinrichtung (5), da- 
durch gekennzeichnet, dal3 die Steuereinrichtung 
(5) dazu ausgelegt ist, die Antennenumschaltein- 
richtung zu vorbestimmten Zeitintervallen so zu 
steuern, daB jede Antenne der Mehrzahl von An- 
tennen (1A, 1B) zum Auffinden der Anzahl von 
GPS-Satelliten, die sich in Kontakt mit jeder Anten- 
ne befinden, sequentiell auszuwahlen, und, wenn 
jede der Mehrzahl von Antennen (1A, 1B) nicht in 
der Lage ist, Satellitensignale von einer vorbe- 
stimmten Minimalanzahl von GPS-Satelliten zu 
empfangen, eine vorbestimmte Anzahl von GPS- 
Satelliten auszuwahlen, die als am geeignetsten 
zur Positionierung unter samtlichen GPS-Satelliten 



erachtet werden, die sich in Kontakt mit der Mehr- 
zahl von Antennen (1A, 1B) befinden, und um dar- 
aufhin innerhalb der vorbestimmten Zeitintervalle 
die Antennenumschalteinrichtung (2) so zu steu- 
5 em, daB die derart ausgewahlten Satelliten in se- 
quentieller Weise ausgewahlt werden. 

6. Empfanger nach Anspruch 5, gekennzeichnet 
durch eine RF-Signalempfangseinrichtung (3) zum 

10 Empfangen von Navigationsdaten sequentiell von 
den GPS-Satelliten durch Entfalten empfangener 
Satellitensignale, und eine Verarbeitungseinrich- 
tung (4) zum Errechnen einer aktuellen Position un- 
ter Verwendung der Navigationsdaten. 

15 

7. Empfanger nach Anspruch 5, dadurch gekenn- 
zeichnet, daB die erforderliche Anzahl an GPS-Sa- 
telliten durch Auswahlen einer Kombination von 
kontaktierten GPS-Satelliten ermittelt wird, die den 

20 kleinsten PDOP-Wert aufweisen. 

8. Empfanger nach Anspruch 5, dadurch gekenn- 
zeichnet, daB die erforderliche Anzahl an GPS-Sa- 
telliten in der Rangfolge der Signalstarke der emp- 

25 fangenen Satellitensignale ausgewahlt wird. 

9. Empfanger nach Anspruch 5, dadurch gekenn- 
zeichnet, daB die vorbestimmte Minimalanzahl an 
GPS-Satelliten unabhangig fiir jede der Mehrzahl 

30 von Antennen (1 A, 1 B) ermittelt wird. 

10. Empfanger nach Anspruch 5, dadurch gekenn- 
zeichnet, daB die vorbestimmte Minimalanzahl an 
GPS-Satelliten fiir jede der Mehrzahl von Antennen 

35 (1 A, 1 B) als dieselbe ermittelt wird. 

11. Positionierungsverfahren zur Verwendung mit ei- 
nem an einem Fahrzeug angebrachten GPS-Emp- 
fanger mit einer Mehrzahl von Empfangskanalen 

40 (#lch, #2ch, #3ch), von denen jeder eine Antenne 
(1A, 1B, 1C) aufweist, eine RF-Empfangseinheit 
(2A, 2B, 2C) und eine Signalverarbeitungseinheit 
(3A, 3B, 3C), gekennzeichnet durch die Schritte: 
Unabhangiges Empfangen von Satellitensignalen 

45 von so vielen GPS-Satelliten wie moglich durch je- 
den der Empfangskanale (#1ch, #2ch, #3ch); Aus- 
wahlen einer vorbestimmten Anzahl von GPS-Sa- 
telliten, die am geeignetsten fiir eine Positionierung 
zum aktuellen Zeitpunkt erachtet werden, aus 

50 samtlichen GPS-Satelliten, die in Kontakt mit jewei- 
ligen Empfangskanalen (#1ch, #2ch, #3ch) stehen, 
und Durchfiihren der Positionierung durch Verwen- 
den von Navigationsdaten, die von den ausgewahl- 
ten GPS-Satelliten erhalten werden. 

55 

12. Verfahren nach Anspruch 11, dadurch gekenn- 
zeichnet, daB der Auswahlschritt eine vorbestimm- 
te Anzahl von GPS-Satelliten auswahlt, die als be- 
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ste Kombination im Hinblick auf den PDOP-Wert 
zur Positionierung erachtet werden. 

13. Verfahren nach Anspruch 12, dadurch gekenn- 
zeichnet da(3 der Auswahlschritt durchgef uhrt wird, 
wenn irgendeinerderausgewahlten GPS-Satelliten 
durch ein Hindernis verdeckt wird. 



Revendications 

1. Recepteur GPS a canal de reception unique 
comprenant : une pluralite d'antennes (1 A, 1B) ; des 
moyens de commutation d'antenne (2) pour la se- 
lection d'une quelconque de ladite plural it a d'anten- 
nes (1A.1B) par commutation ; et des moyens de 
commande (5) ; caracterise en ce que les moyens 
de commande (5) sont prevus pour commander les- 
dits moyens de commutation d'antenne (2), a inter- 
vals de temps predetermines, de maniere a choi- 
sir sequentiellement chaque antenne de ladite plu- 
rality d'antennes (1 A,1 B) afin de trouver le nombre 
de satellites GPS en contact avec chaque antenne 
et ensuite, a I'interieurdudit intervallede temps pre- 
determine, pour commander lesdits moyens de 
commutation d'antenne (2) de maniere a selection- 
ner I'antenne.parmi ladite pluralite d'antennes (1 A, 
1 B), qui a le nombre maximal de satellites GPS en 
contact. 

2. Recepteur suivant la revendication 1, caracterise 
en ce que ladite pluralite d'antennes (1A.1B) com- 
prend deux antennes montees a I'extremite avant 
(1 A) et a I'extremite arriere (1 B) d'un vehicule auto- 
mobile. 

3. Recepteur suivant la revendication 1, caracterise 
en ce que lesdits moyens de commande (5) corn- 
parent les nombres de satellites en contact avec la- 
dite pluralite d'antennes (1A,1B). 

4. Recepteur suivant la revendication 1 , caracterise 
en ce qu'il comprend des moyens de reception, de 
signal de radiofrequence (3) pour recevoir des don- 
nees de navigation sequentiellement en provenan- 
ce des satellites GPS, par resserrement des si- 
gnaux de satellite recus ; et des moyens de traite- 
ment (4) pour calculer une position en cours.par uti- 
lisation des donnees de navigation. 

5. Recepteur GPS a canal de reception unique 
comprenant : une pluralite d'antennes (1 A, 1B) ; des 
moyens de commutation d'antenne (2) pour la se- 
lection d'une quelconque de ladite pluralite d'anten- 
nes par commutation ; et des moyens de comman- 
de (5) ; caracterise en ce que les moyens de com- 
mande (5) sont prevus pour commander lesdits 
moyens de commutation d'antenne, a interval les de 
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temps predetermines, de maniere a selectionner 
sequentiellement chaque antenne de ladite plurali- 
te d'antennes (1 A, 1 B) afin de trouver le nombre de 
satellites GPS en contact avec chaque antenne et, 

s lorsque chacune de ladite pluralite d'antennes (1 A, 
1B) ne peut pas recevoir des signaux de satellite 
provenant d'un nombre minimal predetermine de 
satellites GPS, a selectionner un nombre requis de 
satellites GPS considered comme convenant le 

10 mieux pour le positionnement parmi tous les satel- 
lites GPS en contact avec ladite pluralite d'antennes 
(1A.1B), et ensuite, a I'interieur desdits intervalles 
de temps predetermines, pour commander lesdits 
moyens de commutation d'antenne (2) de maniere 

is a selectionner les satellites ainsi choisis, d'une ma- 
niere sequentielle. 

6. Recepteur suivant la revendication 5, caracterise 
en ce qu'il comprend des moyens de reception de 

20 signal de radiofrequence (3) pour recevoir des don- 
nees de navigation sequentiellement en provenan- 
ce des satellites GPS, par resserrement des si- 
gnaux de satellite regus ; et des moyens de traite- 
ment (4) pour calculer une position en cours par uti- 

2£ lisation des donnees de navigation. 

7. Recepteur suivant la revendication 5, caracterise 
en ce que ledit nombre requis de satellites GPS est 
determine par selection d'une combinaison de sa- 

30 tellites GPS en contact qui a la plus petite valeur 
PDOP 

8. Recepteur suivant la revendication 5, caracterise 
en ce que ledit nombre requis de satellites GPS est 

35 choisi dans I'ordre de I'intensite de signal des si- 
gnaux de satellite recus. 

9. Recepteur suivant la revendication 5, caracterise 
en ce que ledit nombre minimal predetermine de sa- 

40 tellites GPS est determine independamment pour 
chacune de la pluralite d'antennes (1 A,1 B). 

10. Recepteur suivant la revendication 5, caracterise 
en ce que ledit nombre minimal predetermine de sa- 

45 tellites GPS est determine a une meme valeur pour 
chacune de la pluralite d'antennes (1 A,1 B). 

11. Methode de positionnement utilisable avec un re- 
cepteur GPS monte sur un vehicule et comprenant 

50 une pluralite decanauxde reception (canal N°1 , ca- 
nal N"2, canal N°3) dont chacun comporte une an- 
tenne (1A,1B,1C), une unite de reception de ra- 
diofrequence ( 2A,2B,2C) et une unite de traitement 
de signal (3A,3B,3C), caracterisee par les etapes 

55 de : reception, independamment par I'intermediaire 
de chacun desdits canaux de reception (canal N"1 , 
canal N°2, canal N°3), de signaux de satellite pro- 
venant d'un nombre aussi grand que possible de 
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satellites GPS, selection d'un nombre predetermine 
de satellites GPS consideres comme convenant le 
mieux pour le positionnement a I'instant present 
parmi tous les satellites GPS en contact avec les 
canaux de reception respectifs (canal N°1, canal s 
N°2, canal N°3) et execution du positionnement par 
utilisation des donnees de navigation fournies par 
lesdits satellites GPS choisis. 

12. Methode suivant la revendication 11, caracterisee 10 
en ce que ladite etape de selection choisit un nom- 
bre predetermine de satellites GPS consideres 
comme formant la meilleure des combinaisons, sur 

la base de la valeur PDOP, pour le positionnement. 

is 

13. Methode suivant la revendication 12, caracterisee 
en ce que ladite etape de selection est effectuee 
lorsqu'un quelconque des satellites GPS choisis est 
occulte par un obstacle. 
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